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Abstract: The conviction in the necessity of renewable energy has been prompted by both the 
constantly increasing need for power production and the ecological issues of recent years. When it 
comes to generating power in a sustainable manner, wind is among the most essential renewable 
energy sources. This research attempts to present a structural technique for assessing the performance 
of operational onshore wind facilities with respect to the three dimensions of sustainability. The 
energy production, environmental effect, and practicability of onshore wind facilities are all 
dependent on accurate assessments. Wind resources, site accessibility, environmental impact, 
permitting and regulatory requirements, turbine technology, maintenance and_ operation, 
interconnection and transmission, and other criteria and factors are discussed in this research paper. 
Renewable energy, cost-effectiveness, dependability, and job creation are only a few of the 
advantages of onshore wind facilities that are mentioned. This study used the interval-valued 
neutrosophic set with the Weighted Sum Model (WSM) method to compute the weights of criteria 
and rank the alternatives. We got the wind speed and direction as the best criterion. The potential 
energy production of a wind plant is heavily dependent on the local wind speed and direction. 
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1. Introduction 

The fast advancement of technology makes it very necessary for mankind and the survival of 
our planet to satisfy our energy requirements via a variety of different forms of energy. Awareness 
of renewable energy (RE) sources, which minimize the energy dependency of society on fossil fuels, 
has developed as cultures have become more mindful of their environment. In recent years, there 
have been various possible factors that explain why there has been such an interest in RE. To begin, 
there has been a considerable and ongoing rise in requests for environmentally friendly forms of 
energy all across the globe. Second, the price of renewable energy sources may now be compared 
favorably to that of traditional forms of energy production. Last but not least, the real estate industry 
has a considerable labor capacity, which is growing by leaps and bounds each year [1, 2]. 

In recent years, there has been a consistent rise in the amount of interest in wind energy. Even 
while wind energy does have a very little negative impact on the surroundings, this impact may be 
disregarded as inconsequential when compared to the impacts that are caused by energy sources that 
are produced from fossil fuels and pose a risk to both the natural world and human life. Wind energy, 
which is naturally clean, helps to lessen the impact that humans have on the environment. In addition 
to all of these legitimate reasons, several nations have been adopting wind plant (WP) expenditures 
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in recent years owing to the ease, speed, and cost-effectiveness with which wind plants may be 
installed. Wind power is a substantial and valued source of clean energy, and its installed capacity is 
growing at a rate that is comparable to that of other renewable energy sources due to the fast 
expansion of wind turbines in conjunction with advances in technology [3, 4]. 

In the context of micro-site selection, WPs often address wind energy sources. Social, financial, 
and ecological variables may make the location with the greatest wind power density unsuitable for 
WPs. The rivers and water supply, birds, public health, animals, habitat, buffer distance inhabitants, 
etc. are all examples of limiting factors. Although it is required that each WP prepare a sustainability 
report as part of their preliminary work, these reports often overlook regional growth, especially in 
regard to the larger process of growth for the natural world and financial development's broad impact 
[5, 6]. 

Considering the close relationship between economic growth and energy consumption, it's clear 
that trying to safeguard the environment by restricting the growth of the energy industry is not a 
workable strategy. For this reason, it is recognized that there must be harmony among economic 
development, social progress, and environmental safeguards. Sustainable development was 
proposed as a means to this end [7, 8]. 

In this study, we use a straightforward multi-criteria decision-making (MCDM) approach, the 
Weighted Sum Model (WSM), to rank the onshore wind plant based on their performance across a 
variety of parameters. 

The lack of precision in the language used to evaluate intangible criteria while using traditional 
MCDM techniques. As a result, fuzzy sets have been included in these approaches to broaden their 
usefulness in such a context. Zadeh created fuzzy sets as a way to indicate an element's conditional 
membership in a set. Since the introduction of fuzzy sets theory to the literature, it has been expanded 
to include a wide variety of topics. In order to deal with the ambiguity of the membership function, 
Zadeh introduced type-2 fuzzy sets to the field of fuzzy set theory. Later, multiple scholars separately 
proposed interval-valued fuzzy sets (IVFSs). To address the issues of how a hesitant decision maker 
(DM) should be taken into account, Atanassov introduced intuitionistic fuzzy sets (IFSs) in 1986 [9]- 
[11]. 

To address both the fuzziness of the data and the degree of completeness of an administrator, 
Smarandache created neutrosophic sets (NSs) in 1995. Torra first introduced hesitant fuzzy sets 
(HFSs), which are an extension of regular fuzzy sets in which a single element may have many 
membership degrees. To provide decision-makers access to a broader domain than IFSs for conveying 
their decisions [12]-[14]. 

In 1995, Smarandache created NS as an extension of IFS as a means of capturing data ambiguities 
and the indeterminacy of the expert. The levels of truthiness, indeterminacy, and falsity that make up 
an NS are denoted by the parameters Truth, Indeterminacy, and Falsity. Uncertainty in the 
information is represented in NS by truth (degrees of belongingness), falsehood (degrees of non- 
belongingness), and indeterminacy (degrees of hesitating) values. To differentiate between relativism 
and absoluteness, NS provides characteristics that indicate ambiguity and unpredictability by 
characterizing paraconsistent, and unreliable data as subsets [15, 16]. This study employed the 
interval neutrosophic set with the WSP to compute the weights of criteria and rank the alternatives. 
Figure 1 shows the onshore wind plant assessment model. 
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Figure 1. The onshore wind plant assessment model. 


2. Barriers to Onshore Wind Energy 

Onshore wind energy (WE) is growing as a prominent renewable energy source (RES) option as 
governments aim to minimize greenhouse gas emissions linked with electricity produced from 
traditional sources. In only ten years, onshore wind capacity throughout the world has increased by 
a factor of five, reaching 486.79 GW. Along with additional advantages, like the generation of millions 
of new employment, WE will be in charge of saving roughly 23 billion tons of CO2 by 2030 assuming 
global dedication to the renewable energy revolution and WE dissemination continues to expand at 
the current rate [17, 18]. 

The continued investment of governments in fossil fuels, the insufficient assessment of the 
downsides of fossil fuels, and the constant revisions and adjustments of RES support mechanisms are 
all examples of factors that negatively affect the cost-competitiveness of WE. These and other 
obstacles make it hard or impossible to expand onshore WE globally, preventing us from reaping its 
full advantages and jeopardizing the realization of the GWEC's 2050 global wind deployment goal in 
the process [19, 20]. 

So far, answering these concerns has necessitated reassembling empirical data from several 
investigations. Only a handful of studies have conducted a systematic literature review and those 
that have tended to concentrate on individual roadblocks. The SLR provides a synopsis of the 
obstacles’ occurrence patterns, taking into account the economic environment and the degree of WE 
dissemination in the nations where they were detected and determines which hurdles have had a 
greater influence on adoption in every nation. Limitations to onshore WE diffusion (that is, the spread 
of wind farms) are also analyzed, and their compatibility with the original general framework given 
by Painuly is evaluated [21, 22]. 

When electricity markets are highly regulated, utility companies are often handled by states or 
private businesses that have, concurrently or not, the monopoly of production, distribution, and grid 
connection. This is the case when energy marketplaces are highly regulated. It is possible for 
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monopolistic utilities to discourage investments in WE by arguing convincingly against the 
establishment of a regulatory structure for RES and by continuing to rely mostly on conventional 
energy sources as their primary generating resources. Because they already possess conventional 
resources have the potential to play a substantial part in these monopolies’ generation portfolios. 
Conventional powers provide electricity at cheap rates (assuming the external expenses are omitted), 
which makes them an attractive option [23, 24]. 

In most cases, these monopolies only invest in WE when they are required to do so in order to 
meet minimum quotas for the production of non-hydro renewable energy sources that are established 
by governments. In addition to having the power to determine the sources of generation, monopolist 
utilities often also have the independence to decide which energies may enter their transmission 
networks. This gives them the ability to impede the incorporation of renewable energy sources into 
their transmission networks. According to the publications that were examined, highly regulated 
energy markets can be found in 11 nations, the majority of which are emerging economies with very 
recent WE diffusion [25, 26]. 


3. Neutrosophic Weighted Sum Model 

A wide variety of approaches may be used to address the MCDM issue. The WSM is a widely 
used, straightforward, and efficient MCDM technique in the field of decision science. The data for 
each option must have the same unit for it to be of any use [27]-[29]. This paper used the interval 
valued neutrosophic set with the WSM method to compute the weights of criteria and rank the 
alternatives. 
3.1 Identify the linguistic terms. 
This paper used the interval valued neutrosophic terms as a linguistic term. 
3.2 Construct the decision matrix. 
The decision matrix is built by the interval valued neutrosophic numbers for each criteria and 
alternatives. 
3.3. Normalize the beneficial and non-beneficial criteria. 
This step identify the positive and negative criteria then compute the normalize value 


+ _ _ *ij 
a = max Xjj (1) 
— _ minxj; 


3.4 Compute the weights of criteria. 

3.5 Compute the weighted normalized matrix. 

3.6 Sum all values in weighted normalized matrix. 
3.7 Sum each row in weighted normalized matrix. 

3.8 Rank the alternatives. 

The alternatives are ranked based on previous step. 


4. Onshore Wind Plant Assessment 

A renewable energy facility that uses land-based wind turbines to produce power is known as 
an onshore wind plant. The blades of the turbines turn in reaction to the wind, powering a generator 
to produce energy. One of the most popular renewable energy sources, onshore wind farms have 
shown to be both dependable and sustainable. This study applied the interval-valued neutrosophic 
WSM to rank the alternatives. We collected eight criteria and twelve alternatives in this study. 
Onshore wind plants are evaluated based on the following criteria: 
Energy production from a wind farm depends heavily on the quality and reliability of the wind 
resource at the farm's location. 
Construction and maintenance of the wind farm depend on easy access to the site, which means that 
transportation and other infrastructure must be in place. 
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It is important to evaluate and lessen the wind plant's negative effects on surrounding inhabitants, 
animals, and their environments. 


Assessing the wind plant's regulatory and licensing needs ensures that it will operate in 
accordance with all applicable state and federal laws. 


Potential energy production is heavily influenced by the wind speed and direction at the wind 
plant's location. 


The efficiency, dependability, and cost of a wind power plant are all susceptible to the 
technology and design of the wind turbines that power the facility. 


Regular inspections and repairs are an essential part of keeping the wind farm running smoothly 
and reliably for as long as possible. 


To guarantee an effective and dependable supply of power, it is important to evaluate the wind 
plant's connections and transmission of energy to the grid. 
The advantages of an on-land wind farm are: 
The power produced by onshore wind generators is a sustainable energy source that helps cut down 
on the usage of nonrenewable fossil fuels and the release of greenhouse gases. 
When compared to other renewable energy sources like solar and offshore wind, onshore wind farms 
have lower life-cycle costs. 


Despite times of low wind speeds, electricity may be generated at onshore wind generators, 
making them a stable energy source. 


Onshore wind project development and operation has the potential to generate new 
employment and boost regional economies. 

We form a committee of experts to evaluate the criteria and alternatives. This study used 
interval-valued neutrosophic numbers. The experts build the decision matrix between criteria and 
alternatives as shown in Table 1. Then identify all positive and negative criteria. All criteria in this 
study are beneficial. Then normalize the decision matrix by using Eq. (2) as shown in Table 2. Then 
compute the weights of the criteria as shown in Figure 2. Then compute the weighted normalized 


decision matrix. Then sum each row ina weighted normalized decision matrix to rank the alternatives 
as shown in Figure 3. 


OWC8 0.14 


OWC7 : 0 


OWC6 OWwCc4 


OWC5 


Figure 2. Weights of criteria in onshore wind plants. 
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Table 1. The interval valued neutrosophic numbers for criteria and alternatives. 
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Table 2. The normalized interval valued neutrosophic numbers for criteria and alternatives 


OWC1 OWC2 OWC3 OWC4 OWCs OWCs OWC; OWCs 
OWA 0.51754 | 0.77214 | 0.77214 | 0.77214 | 0.31635 1 1 0.31635 
OW A2 0.79386 1 1 0.42739 1 1 0.31635 1 
OWA3 1 1 0.77214 1 0.61126 | 0.48525 1 0.48525 
OWAs 0.79386 | 0.77214 1 0.77214 1 1 0.87668 | 0.48525 
OWAs 0.51754 1 0.77214 1 0.61126 | 0.48525 1 0.31635 
OW As 1 0.77214 1 0.53837 | 0.31635 | 0.87668 1 0.61126 
OW Az 1 0.27863 | 0.77214 | 0.27863 | 0.87668 | 0.87668 1 0.48525 
OWAs 0.79386 | 0.77214 1 1 0.61126 | 0.31635 1 0.31635 
OW As 0.51754 1 0.77214 | 0.77214 | 0.61126 1 0.61126 | 0.61126 
OWA. | 0.79386 1 1 0.42739 | 0.61126 1 1 1 
OWAu 1 1 0.53837 1 0.48525 1 1 0.48525 
OWA | 0.51754 1 1 1 0.61126 | 0.48525 1 0.31635 
OWAL2 
OWA 1) ee 
OW ALO 
OW AS 
OWAS ee 
OWA) 
OW AG 
OW AS 
OWA4 ae 
OWAS 
OWA. a 
OWA, 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 


Figure 3. The rank of onshore wind plants. 


5. Conclusion 

The process of assessing onshore wind facilities is crucial, calling for the thoughtful assessment 
of many different criteria and aspects. To assess the viability of an onshore wind plant and guarantee 
its successful implementation, developers must consider a number of factors, including wind 
resource, site accessibility, environmental impact, permitting and regulatory requirements, turbine 
technology, maintenance and operation, interconnection and transmission, and so on. Onshore wind 
facilities are a useful instrument for reaching long-term energy sustainability objectives because of 
their many advantages. Maintaining relevance with changing requirements and objectives requires 
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that developers routinely revisit and revise their evaluation criteria and considerations. This paper 
introduced eight criteria and twelve onshore wind plants. This study used interval-valued 
neutrosophic numbers to evaluate the criteria and alternatives. The interval-valued neutrosophic 
number was used with the WSM to rank the alternatives. We got the wind speed and direction as the 
best criterion. The potential energy production of a wind plant is heavily dependent on the local wind 
speed and direction. 
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